Background/Objectives The association between carbohydrate intake and cardiovascular disease (CVD) risk has been investigated, but whether the quality of carbohydrate is more important than its amount is not known. We examined the associations between intake of dietary fibre (DF), carbohydrate, available carbohydrate, and starch with long-term CVD mortality in a Japanese population. Subjects/Methods We prospectively followed 8925 participants (3916 men and 5009 women) aged 30-79 years without CVD at baseline who participated in the National Nutrition Survey in Japan. Cox proportional hazards models were used to estimate multivariable-adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs) for CVD mortality by quartiles of exposure variables. Results During 24 years of follow-up, 823 CVD deaths were observed. In men, the multivariable-adjusted HR for CVD mortality was lower in the highest quartile of DF intake (HR: 0.64; 95% CI: 0.47-0.87; P trend = 0.007) compared with the lowest quartile. This association was not significant in women. Multivariable-adjusted HR for total stroke mortality was lower in the highest quartile of DF intake (HR: 0.61; 95% CI: 0.38-0.98; P trend = 0.046) compared with the lowest quartile in women. Carbohydrate, available carbohydrate, and starch intake were not associated with CVD mortality. Conclusions Higher intake of DF was associated significantly with a lower risk of CVD mortality in men and lower risk of stroke mortality in women. Intake of carbohydrate, available carbohydrate, and starch were not associated with the risk of CVD mortality in men or women.
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Introduction
Carbohydrates are a major source of energy in the human diet. They play an important part in the metabolism and homoeostasis of energy. They can contribute to weight gain if consumed in excess of energy expenditure [1] . It has also been reported that high intake of carbohydrates has adverse effects on the metabolism of lipids and glucose [2] and increases the risk of coronary heart disease [3, 4] or stroke [5] . Conversely, a low-carbohydrate diet has been reported to improve all-cause and cardiovascular disease (CVD) mortality rates [6] [7] [8] . In a recent meta-analysis, compared with high-carbohydrate diets, low-carbohydrate diets were associated with a significantly higher risk of all-cause mortality but were not significantly associated with higher CVD mortality risk or CVD incidence [9] . In the question of whether to restrict or promote carbohydrate intake, an important factor to consider is the quality of carbohydrates. Carbohydrates comprise dietary fibre (DF) and available carbohydrate, which includes starch and sugar [10] . DF has several favourable effects on atherosclerosis, such as reducing postprandial blood sugar levels, cholesterol levels [11] and blood pressure [12] . DF has also been reported to reduce the risk of coronary heart disease, stroke and CVD [13] [14] [15] . The effects of carbohydrate intake on CVD vary according to its components. To our knowledge, no study has examined the relationship between each carbohydrate component with the risk of mortality due to CVD in a Japanese population.
We assessed the association between intake of DF, carbohydrate, available carbohydrate, and starch and the risk of death from CVD and its subtypes in a long-term cohort study of Japanese people who participated in the National Nutrition Survey in Japan (NNSJ).
Subjects and methods

Study population
The National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged (NIPPON DATA) is a series of cohort studies based on the National Survey on Circulatory Disorders and the 1980 and 1990 NNSJ. This study used the 1980 data only, and the details of this cohort have been reported previously [16] .
Briefly, 13,771 residents aged ≥30 years from 300 districts were selected randomly from across Japan. Among them, 10,546 individuals (4639 men and 5907 women) agreed to participate in our survey (77.6%). A total of 1621 participants were excluded for the following reasons: lost to follow-up because of incomplete residential address at the baseline survey (n = 1104), history of CVD (n = 254), missing baseline data (n = 27), intake of energy more than 5000 kcal/ day or less than 500 kcal/day (n = 86), and aged ≥80 years (n = 150). Our final cohort comprised 8925 participants (3916 men and 5009 women). Our study protocol was conducted in accordance with the principles of the Declaration of Helsinki and approved by the Ethics Review Board of the Shiga University of Medical Science (12e18, 2000; 17e21-1, 2010; Shiga, Japan).
Baseline examination
Baseline surveys were conducted at public health centres according to a standardised manual. Blood samples were obtained from non-fasted participants. Whole blood was centrifuged and separated immediately. Plasma levels of glucose and serum levels of total cholesterol were measured using enzyme assays. Blood pressure was measured by trained public health nurses using a standard mercury sphygmomanometer. Participants reported their consumption of alcohol and tobacco, use of antihypertensive medications, and their history of DM and CVD in a "lifestyle questionnaire". The latter was administered by trained public health nurses through face-to-face interviews. Body mass index (BMI) was also calculated as weight (kg) divided by height (m) squared. DM was defined as casual plasma glucose ≥200 mg/dl or a history of DM. Hypertension was defined as blood pressure ≥140/90 mmHg or current use of antihypertensive drugs.
Endpoint determination
Participants were followed from 1980 to 2004. To identify the cause of death in deceased patients, the National Vital Statistics database of Japan was used with permission from the Management and Coordination Agency of the Government of Japan. Causes of death were coded according to the International Classification of Disease, Ninth Revision (ICD-9) until the end of 1994, and the Tenth Revision (ICD-10) from 1995. The details of classification have been described previously [17] . The codes we used were all deaths from total CVD (ICD-9: 393-459 and ICD-10: I00−I99), stroke (ICD-9: 430-438 and ICD-10: I60−I69), cerebral infarction (ICD-9: 433, 434, 437.7a, 7b and ICD10: I63, I69.3), cerebral haemorrhage (ICD9: 431-432 and ICD10: I61, I69.1) and coronary heart disease (ICD9; 410-414 and ICD10; I20−I25).
Assessment of diet
We used NNSJ data from 1980 to assess dietary intake. The detailed methods of the nutritional survey and estimation of the intake of individual nutrients have been described previously [18] . Briefly, in the NNSJ, specially trained "dietary interviewers" visited participants at least once during the survey period, excluding weekends and holidays. A survey on food intake using weighed-food records over three consecutive representative weekdays in each household was conducted by the dietary interviewers. The nutrient intake reported for each household in the NNSJ in 1980 was estimated using Modified Standards Tables for Food Composition in Japan (Third edition) and, for several nutrients (including available carbohydrate, starch and DF), using a database calculated according to the International Study of Macronutrients and Blood Pressure [17] . Then, these data on nutrient intake were allocated proportionally to each household member according to the mean consumption rate by age and sex. A previous validation study for this method documented a high correlation between the observed and estimated intake of individual carbohydrates (Pearson's correlation coefficient (r) = 0.90) [19] . For energysupplying nutrients, the intake was calculated as the percentage of total energy intake (%kcal). Other nutrients were calculated relative to dietary intake (g/1000 kcal).
Statistical analyses
Continuous variables are expressed as the mean ± standard deviation. Pearson's correlation analyses were used to investigate the association between intake of DF, carbohydrate, available carbohydrate, starch, and the ratios of the intake of carbohydrate, available carbohydrate, or starch to the intake of DF at baseline. We calculated the ratios of the intake of carbohydrate, available carbohydrate, or starch (g/day) divided by DF intake (g/day). We used Cox proportional hazards models to estimate multivariable-adjusted hazards ratios (HRs) and their 95% confidence intervals (CIs) for mortality outcome by quartiles of exposure variables. Women and men were assessed separately.
We adjusted for age in Model 1. We further adjusted for smoking status (never, ex, current ≤20, or current ≥21 cigarettes/day), alcohol consumption (never, ex, or current), BMI (kg/m 2 ), use of antihypertensives (yes or no) and history of DM (yes or no) in Model 2. For Model 3, we adjusted for intake of sodium, saturated fatty acids, and long-chain n-3 polyunsaturated fatty acids in addition to all covariates in Model 2. Long-chain n-3 polyunsaturated fatty acids were the sum of eicosapentaenoic acid and docosapentaenoic acid. Model 4 for DF intake was adjusted for intake of available carbohydrate and Model 4 for intake of carbohydrate, available carbohydrate, and starch was adjusted for DF intake in addition to all covariates in Model 3. We did not adjust for blood pressure and blood glucose levels because they could potentially be mediator variables in a causal pathway between carbohydrate intake and the outcome. A test for a linear trend was conducted using quartiles of the dietary exposure variable by assigning the median values of the quartiles to the variable. We analysed the interaction between intake of carbohydrate, available carbohydrate or starch and DF intake, and also evaluated the interaction between sexes and their nutrient intake or ratios. P < 0.05 was considered significant. All statistical analyses were conducted using SAS v9.4 (Cary, NC, USA).
Results
Baseline characteristics of participants
Baseline characteristics of participants are shown in Table 1 . Major differences between men and women were observed for smoking status and alcohol consumption. Intake of total energy was higher in men than in women. DF intake was higher in women than in men. Other significant but relatively small differences were noted. Baseline characteristics according to intake of DF, carbohydrate, available carbohydrate, and starch are shown in Supplementary  Table 1 . DF intake was positively associated with intake of carbohydrate and available carbohydrate (r = 0.220, P < 0.001 and r = 0.192, P < 0.001, respectively). DF intake was inversely associated with starch intake (r = 0.051, P < 0.001). Participants who had a higher intake of DF, carbohydrate, available carbohydrate, or starch were, in general, more likely to be older and hypertensive, less likely to be current smokers or current consumers of alcohol, and had a lower intake of total energy and saturated fatty acids. Quartile differences in DF intake were seen in the distribution of BMI and levels of total cholesterol but not in the intake of carbohydrate, available carbohydrate, or starch (Supplementary Table 1 ).
Relationship between each carbohydrate component and risk of CVD mortality
During the 24 years of follow-up, 823 of the 8925 participants (419 of 3916 men and 404 of 5009 women) died from Data are % or mean ± standard deviation
BMI body mass index
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CVD. First, we used Cox proportional hazard models to assess the relationship between each carbohydrate component and the risk of CVD mortality. There was a significant inverse association between higher DF intake and CVD mortality in men (P = 0.007 for trend) ( Table 2 ). The HRs in relation to DF intake tended to be similar for CVD mortality in men and women, but were not significant in women (P = 0.196 for trend). There was no significant interaction between sex and DF intake (P = 0.139). Intake of carbohydrate, available carbohydrate, and starch was not associated with the risk of CVD mortality in men or women even after adjustment for age, lifestyle and dietary factors ( Table 2) .
Relationship between each carbohydrate component with mortality risk from CVD subtypes Table 3 shows the relationships between DF intake and the risk of all stroke subtypes, cerebral infarction, cerebral haemorrhage, and coronary heart disease. Higher DF intake was associated significantly and inversely with the risk of mortality from all stroke subtypes in women (P = 0.046 for trend), and this association was marginally significant in men (P = 0.098 for trend). Higher DF intake was associated inversely with the mortality risk from haemorrhagic stroke only in women (HR for highest quartile relative to lowest = 0.33, 95% CI 0.12-0.90), although the trend was not significant (P = 0.077).
Higher intake of carbohydrate tended to be associated inversely with the mortality risk from haemorrhagic stroke only in men (HR for highest quartile relative to lowest quartile = 0.33, 95% CI 0.11-1.01) but the trend was not significant (P = 0.052) after adjustment for DF intake. Intake of available carbohydrate and starch was not associated with the mortality risk from CVD subtypes in men or women (Supplementary Tables 2, 3 and 4) .
The ratios of carbohydrate:DF, available carbohydrate: DF and starch:DF were associated positively with the risk of CVD mortality in men (Supplementary Table 5 ). There was no significant interaction between intake of carbohydrate, available carbohydrate, or starch and DF intake on the risk of death from CVD (P = 0.918, 0.807 and 0.952 for interaction, respectively).
Sensitivity analysis
We assessed 3990 patients with hypertension and analysed the relationship between fibre intake and the risk of mortality due to CVD. The results were almost identical to data excluding these 3990 patients (data not shown). Next, we conducted analyses excluding 338 participants with DM, and the data were almost identical to those including these 338 patients (data not shown). Moreover, we divided participants into subgroups with a cutoff point of 65 years and assessed them separately. Results showed a similar tendency with regard to fibre intake and CVD mortality risk in men and women aged <65 years (data not shown).
Discussion
In this 24-year follow-up study of a Japanese population, we found that higher DF intake had a protective effect against CVD mortality in men and against stroke mortality in women. Intake of carbohydrate, available carbohydrate, and starch was not associated with the risk of CVD mortality in men or women.
Studies have reported the association between higher DF intake and a reduced risk of CVD [13] [14] [15] . Two large cohort studies in Japan have also shown DF intake to be associated with a reduced risk of CVD mortality [20, 21] . The results of our study are consistent with those studies. We observed a significant inverse association between CVD mortality and DF intake in men. This trend was almost identical, but not significant, in women. We also observed that higher DF intake was associated significantly and inversely with mortality from all stroke subtypes in women. This trend was almost identical in men, but it was not significant. There was not a large difference in the effect of DF intake to the risk of CVD mortality between men and women because there was no significant interaction between these parameters and sex. One reason for the different results between men and women could be lifestyle differences; the prevalence of current smoking and alcohol consumption was higher in men than in women. Another reason might be that there were fewer CVD events (including stroke) in women than in men. These factors may have modified the results and attenuated the effect of DF on the risk of mortality from CVD or stroke in men and women. The difference between men and women in terms of the effect of DF intake has been reported previously [21] .
We showed that the ratios of carbohydrate:DF, available carbohydrate:DF, and starch:DF were associated significantly with the risk of death from CVD. In the Nurses' Health Study from the United States, all ratios of carbohydrate or starch to total fibre/cereal fibre were associated with T2DM risk [22] , which is expected to increase the risk of CVD. However, our results do not mean that we recommend an extremely low-carbohydrate diet, but rather that the focus should be on the percentage of food intake from DF. Although a DF intake of 19-20 g/day for men and 17-18 g/day for women is recommended [23] , the mean DF intake of Japanese people was 20.5 g/day in 1952 [24] and had decreased to 14.5 g/day by 2015 [25] . DF is abundant in many fruits and vegetables. We have previously reported a significantly inverse association between higher intake of fruits and vegetables and CVD mortality risk [26] . Increased intake of DF should be promoted because of its protective effect against death from CVD and stroke. Previously, we reported that a diet moderately low in carbohydrates was associated significantly and inversely with CVD mortality and total mortality in our cohort [27] . One reason we did not find an association between carbohydrate intake and a risk of CVD mortality in the present study might have been that we did not consider intake of protein or fat. As a proportional of overall food intake, Japanese people consume much greater amounts of carbohydrate compared with individuals in the United States and Europe [28] . The mean intake of carbohydrate was >50.0% of overall calorie consumption even in the lowest stratum of carbohydrate intake in our study. In contrast, the lowest stratum of carbohydrate intake reported in studies from Western countries was ≈30% [6] [7] [8] . Only one previous study in a Japanese population has reported on the relation between carbohydrate intake and stroke mortality, and it found no significant association [29] . The results of our study supported this conclusion.
The strengths of this study were: a large cohort; participants were enrolled from 300 districts selected randomly from across Japan; the representativeness of our cohort; and the long duration of follow-up. Furthermore, our dietary assessment using weighed-food records taken over 3 days is a suitable method for assessing diet more precisely than food frequency questionnaires in which portion sizes of all food items (e.g., rice intake) are not considered fully. Our study had four main limitations. First, dietary assessment was conducted only at baseline and was not repeated. We could not take into account changes in dietary habits or lifestyle factors over the follow-up period. However, changes in variables would probably have attenuated the protective effect of DF intake, thus resulting in underestimation in our results. Moreover, we undertook the same analyses with shorter follow-up periods (14 years or 19 years) and the results were almost identical (data not shown). Second, we did not take into account the types of DF (soluble or insoluble). Third, intake of DF and potassium are strongly associated with each other, so we were not able to adjust for potassium intake because of multicollinearity. Last, although we attempted to adjust for potential confounding variables, we could not rule out residual confounding from other unmeasured dietary or lifestyle factors. For instance, physical activity, the amount of alcohol consumption and socioeconomic status were not considered in our study.
In conclusion, we showed that higher intake of DF was associated significantly with a lower risk of CVD mortality in Japanese men and stroke morality in women. Intake of carbohydrate, available carbohydrate, and starch were not associated with the risk of CVD mortality in men or women. BMI body mass index, CI confidence interval, HR hazard ratio, Q quartile
